Introduction and purpose
During the past four years, humanitarian logistics has attracted a lot of attention in academia, with an immense growth in published articles. However, the research suffers from a lack of facts and knowledge about humanitarian logistics practice Spens, 2009, 2011a, b; Jahre et al., 2009; Pedraza Martinez et al., 2011) . Little has been published on logistics in long-term development and distribution of goods in developing countries (Kovács and Spens, 2011a) . While often seen as limited to disaster relief logistics (see e.g. Tatham and Pettit, 2010; McLachlin and Larson, 2011) , recent statements now include "development" as part of humanitarian logistics (e.g. Kovács and Spens, 2011b, p. 8) . Furthermore, practitioners and researchers increasingly note the importance of linking disaster relief with recovery and development (e.g. IFRC-Strategy 2020 Kovács and Spens, 2011a; Besiou et al., 2011) . Humanitarian logistics research should thus take this into account.
The purpose of this paper is to contribute to understanding of traditional logistical tools and principles to improve development aid. The paper reports a study of drug-supply chains in Uganda, focussing on causes of, and solutions to, frequent stock shortages. As with many African countries, Uganda is struggling to develop adequate healthcare systems (Kumar et al., 2009) . A survey reveals that 32-50 percent of medicines essential for treating common diseases, such as malaria, pneumonia, diarrhea, HIV/AIDS, tuberculosis, diabetes, and hypertension, are not available (Okiror, 2009) . A total of 65 percent of facilities across Uganda experienced medical stock shortages in 2008 (Ministry of Health (MoH), 2009) . One critical problem is establishing supply chains for drugs and medical equipment to ensure availability at local treatment facilities (that is, health centers (HCs)). Stock shortages are a general problem for many drug-supply chains in countries with a lack of financial resources, health system infrastructures, capacities, and competencies (see e.g. GAVI, 2009; Lalvani et al., 2010; Kaufmann et al., 2011) . Hence, knowledge of the causes and possible solutions for drug shortages is of interest outside the specific region where this study was undertaken.
This study used a basic model for logistics process redesign (Persson, 1995) , supplemented by additional literature, as the conceptual framework to describe and analyze the public drug-supply chain in the Karamoja region of Uganda. This paper provides knowledge on the link between logistics processes, such as ordering and inventory management, and performance (Lodree, 2011, p. 52) . The research helps fill a gap in humanitarian literature on logistics process redesign while expanding this literature to a new area (see Pedraza Martinez et al., 2011 for similar research in fleet management).
The study took place in 2009-2010 with more than 50 interviews and 27 site visits at health facilities undertaken during a period of four months. Logistics processes and performance such as ordering, warehousing, stock shortages, lead times, and management techniques were assessed. Findings suggest that reducing supply-chain complexity and bureaucratic processes resulting in long lead times and instability, can improve integration between information and goods flows to increase customer service, i.e. reduce stock shortages. A simple Excel worksheet model demonstrates how suggested solutions can reduce lead times and costs, making the right drugs available where and when they are needed. The following presents the design of the study, followed by a description of the context. The conceptual framework is presented, whereupon findings from the study are reported and discussed. Finally, conclusions and implications for further research are presented.
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Complexity of drug supply chains
Research strategy and design
The study was undertaken as a project for UNICEF Uganda and can be characterized as action research. Researchers and clients collaborate in diagnosing the problem and developing solutions, typically focussed on real-world, organizational, and managerial problems (Bryman and Bell, 2011, p. 412; Näslund, 2002; Näslund and Williamson, 2008) . This study used a mixed-methods approach, combining quantitative and qualitative research strategies (Bryman and Bell, 2011, p. 628) . It used different sources and types of data for complementarity and to cross-reference information (Ellram, 1996; Yin, 2003) . First, an explorative study corroborated secondary and primary data to give an overall description of the health provision in Uganda and specific characteristics of Karamoja. This is the context for the supply chain in question. Second, conclusions from this initial phase were used to choose a suitable conceptual framework from which interview guides and field-study stock-assessment tools were developed. Third, results from this cross-sectional study were used to get an overview of lead times, costs, and stock shortages. From this analysis, solutions were suggested, whereupon an Excel worksheet model was developed to demonstrate consequences of the solutions.
The case and context
The case and unit of analysis is the supply chain for drugs from the national distribution point in Kampala, Uganda, called national medical stores (NMS), to HCs in five districts in the Karamoja region of northeastern Uganda. Primary data were gathered through interviews with stakeholders in Kampala and Karamoja, and combined with secondary data from the literature review. Approximately 1,500 pages of articles and reports were identified in the interviews and through web searches. These data were reviewed to understand the health system, pinpointing constraints, opportunities, and best practices [1] . The interviewees were identified through snowball sampling (Bryman and Bell, 2011, p. 192) , starting with a small group of people suggested by UNICEF. This was done to get as many perspectives on the health supply chain and its challenges as possible, covering all main stakeholders.
From a total of 94 HCs in Karamoja, 27 were chosen for site visits, interviews, and stock assessments. This provided 28.7 percent coverage, relatively equally distributed across each of the five Karamoja districts. The HCs within each district were selected through convenience sampling to cover both remote and urban areas, and well-and poor-functioning centers. The five district medical stores (DMS) maintaining medical supply stocks were also visited (Appendix 1). Six types of drugs, pre-selected by UNICEF, were used as tracer drugs for this part of the study: artemisinin-based combination therapy (ACTs such as Coartem; malaria pills in four sizes), sulfadoxine pyrimethamine (malaria treatment), co-trimoxazole (antibiotic for bacterial infections, particularly for HIV/AIDS patients, in four sizes), oral rehydration salt (diarrhea treatment), medroxyprogesterone injection (birth control), and measles vaccine.
The interviews were structured using a guide which was tested and revised (Bryman and Bell, 2011, p. 273) . Each interview lasted two to four hours, including stock assessment and site visit. Interviews were conducted individually with key informants or in groups, depending on the contact person's preference and the number of people working in a facility (Appendix 2). Starting with general questions, the interviews covered eight themes, including human resources and staff capacity, forecasting requirements, ordering, receiving and sending routines, inventory 56 JHLSCM 2,1 management, and the physical condition of facilities. Almost all interviews were done by two researchers, one asking and one taking notes. The field context was challenging, with 5,000 km at a speed of 30 km per hour on dirt roads, wearing bulletproof vests, and helmets (Jahre, 2010) .
The interview guide[2] as well as the study protocol was refined during the process. Data were written up in individual Word documents and Excel worksheets, forming a database. Everything was then compiled in one common worksheet and cross-analyzed for each theme to identify patterns. More detailed analysis of particular issues was undertaken. The results were discussed with stakeholders. Based on the field assessment in Karamoja, together with the explorative study, the supply chain was mapped in accordance with the conceptual framework, and possible solutions were identified. Consequences of the solutions for costs and customer service were then quantified to compare before and after implementation of solutions.
Evaluation of research design
In spite of the special challenges posed in doing research in this particular context, major efforts were made to ascertain rigor and secure validity and reliability (Table I) .
Particularly important aspects of rigorous action research projects, as suggested by Näslund (2008, p. 72) , were taken into consideration. These aspects included defining the unit of analysis, consciousness about the research context and role of the researcher, data collection based on multiple sources, and securing good access to data and respondents.
3. The context of the Karamoja drug-supply chain 3.1 Overview of the health system in Uganda With an annual population growth rate of 3.2 percent, Uganda is one of the fastest growing countries in Africa. Of 30.7 million people, 88 percent live in rural areas (MoH, 2008) . Since the early 1990s, significant progress has been made addressing the HIV epidemic, but this still remains a leading cause of morbidity and mortality, in addition to malaria and tuberculosis (SCMS, 2009) . Major health determinants include low literacy levels, poor sanitation, cultural beliefs, physical accessibility, risky behaviors, and prevailing poverty (MoH, 2009) . The estimated value of all drugs, including imports for sale, donations, and locally manufactured products, is US$120 million (Elliott, 2008) . This accounts for more than 30 percent of total expenditures on health and constitutes 10.7 percent of GNP (MoH, 2007) . Uganda's national health system of organizations and entities are depicted in Figure 1 .
In addition to public, private not-for-profit, and other private hospitals, there are a large number of public and private HCs, private retail pharmacies, and drug shops ( Japan International Cooperation Agency, 2008; MoH, 2008 3.2 Challenges in the healthcare system Two main challenges were identified in this study, based on initial interviews with stakeholders (referred to as I#1 to n) and the analysis of the secondary data. First, the public health system is underutilized. Second, stock shortages and expired drugs occur at all levels in the public system, particularly in rural communities including HCs, Used same data source for calculation of stock shortages at same point in time. One danger is that lack of reliable data was identified as one of the problems for the supply chain. This was also a problem for the study Interobserver consistency: is the measure consistent between observers?
Almost all site visits and interviews were undertaken by two researchers who swapped roles from one visit to another to secure consistency in interpretation of the data Validity Face validity: does the measure reflect the concept in question?
Research team constituted a humanitarian logistics practitioner expert and a logistics researcher Measurement validity Cross-referencing data by using various sources. However, there may be inconsistencies in the reporting that are difficult to detect External validity: can results be generalized?
Even though similar problems exist in other regions and countries, generalization must be done with great care. Results from this study should be corroborated with other similar studies. The check against previous studies, both in Uganda and other countries, through the document analysis did provide similar evidence of the problems. The assumptions made in the Excel model could not be tested against real results in similar contexts in this study, but should be done in further research Replicability Make it possible for others to repeat the study Data collection procedures, sampling method and other aspects of the research approach and methodology are well documented in this paper and even more thoroughly in Global Emergency Group (2010) Source: Adapted from Bryman and Bell (2011) (Elliott, 2008; MoH, 2009) . Table II lists the identified causes for the problems:
Delivery times from NMS to HCs vary from two to four months (Kimera, 2008; MoH, 2009) . At NMS, there is a lack of storage space, funding to procure enough drugs, and capacity to handle the substantial volumes of orders. Lack of efficient funding and ordering processes means it can take six months to complete tendering processes (Saturday Monitor, 2009) . Although many initiatives (warehouse consolidation, new warehouse management systems, and better planning cycles) have been introduced, NMS acknowledged: "We [NMS] have not been able to supply even 50-60 percent of our mandate" (I#5).
The Karamoja region
With an estimated population of 1 million, Karamoja accounts for 3.25 percent of the total Ugandan population. It is the poorest region, with 87 percent living below the poverty line (UBOS, 2009). Meat from livestock, supplemented by cultivated vegetables, wild fruits, and greens, make up the basic diet. Over the past decade increased cattle raiding has created insecurity in the region. In addition major challenges are poverty, drought, food insecurity, reliance on traditional medicine practitioners, and skepticism for the government and public system (Stites et al., 2007 In 2008, four of the five Karamoja districts ranked among the lowest 10 percent in the whole country on health service delivery (MoH, 2008) . There are few private pharmacies and drug stores in the region (I#13). Large volumes of unregistered drugs are used (I#13). Food insecurity hinders people from using the system because they often do not have the strength to walk to HCs (WFP, 2009) which are located more than 5 km away for more than 70 percent of the population. There is no public transport, and few people even own a bicycle. Almost nobody except international aid organizations has a car.
Framework for supply-chain analysis
Constraints in available data suggested a relatively simple conceptual framework to develop interview guides and stock-assessment tools, analyze results from the field study, and estimate consequences of suggested solutions. Figure 2 shows Persson's (1995) model and presents a set of basic concepts to analyze logistics processes involved in flow of information and goods.
Sections 4.1-4.3 present the concepts and how they are linked, while Section 4.4 presents a set of redesign principled for improvements. Section 4.5 presents the logic behind the Excel worksheet model to quantify the impact from the solutions.
Transaction
Transaction characteristics describe response-cycle behavior, constituting four concepts. Lead time is the elapsed time from identifying a need to satisfying it (e.g. time from when an order is submitted to when drugs are received). Frequencies mean the number of events per time unit (e.g. orders per year). Uncertainties are fluctuations in demand, capacity, lead times, and data accuracy. Expected demand means specific demand patterns (e.g. cyclical variations such as seasonal disease outbreaks). In general, longer lead times, lower frequencies, higher uncertainties, and uneven demand imply bigger stocks to safeguard against shortages, low inventory turnover, and less flexibility for change.
Structure
The second set of characteristics constitutes three concepts describing response-cycle structure. Complexity is the number of distribution levels (e.g. storage at national, district, and HC levels); and distribution points at the same level (e.g. number of DMS). Divisibility means the degree of dependence between specific products (e.g. storing measles vaccines requires gas for the refrigerator). The more dependence the greater is the need for coordination in procurement and other tasks. Predictability is the degree to which it is possible to specify the task to perform at a given point in time (e.g. how will an outbreak of a specific disease or a large donation of a specific drug impact the existing supply chain and extra tasks that must be undertaken). In general, higher complexity, more dependency, and lower predictability imply bigger stocks to safeguard against shortages, lower inventory turnover, and less flexibility.
Management
Finally, management of the response cycle is based on three concepts. Principles are methods (such as the pull/push system and forecasting techniques) to manage the supply chain. Tools relate to how information is processed and communicated, and the systems used for inventory and ordering management (e.g. stock cards, electronic order forms). The final point addresses how actors are organized in terms of responsibilities regarding specialization and coordination (e.g. whether a third-party provider is used, and how a cooperation agreement is set up). Consistent and differentiated principles supported by appropriate tools and organizational balancing between specialization and integration are essential for securing efficient goods and information flows. 
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Improving performance by redesigning the logistics processes
The framework proposes a number of strategies to improve performance (Persson, 1995) :
. reducing or redistributing lead times;
. reducing or adapting to uncertainties;
. redistributing or increasing frequencies;
. eliminating or adapting to expected demand patterns;
. simplifying structures, systems, and processes such as reducing the number of distribution points and/or levels;
. differentiating the way one works with suppliers, products, and customers;
. using postponement strategies so that changes in form, identity, and location occur as late as possible in the supply chain;
.
improving information processing and decision support systems; and . strengthening internal and external integration.
The strategies are highly linked. Increased order frequency and structure simplification by reducing the number of storage levels can, for example, reduce lead times which then lowers uncertainties. The goal is to avoid high inventory with according costs and risks of obsolescence and damage, while providing flexibility with short and predictable delivery times. Typical logistical tools to handle uncertainties include inventory and materials management to get better control, forecasting and/or use of pull principles, and safety stocks to cope with uncertainties in demand (Chopra and Meindl, 2010) . Replenishment policies, such as continuous or periodic review, are important to keep overview of stocks. The 1970s, with the simple use of rules of thumb, combined with lack of coordination between stock locations, gave "a bloated inventory system with relatively poor service levels" (Chopra and Meindl, 2010, p. 334) . Recent research has shown that decentralization of decisions concerning inventories makes it is difficult to reduce overall inventory levels in the supply chain (De Leeuw et al., 2011, p. 451) .
Despite its shortcomings, forecasting is still a critical management tool to reduce uncertainty, particularly if combined with cooperation in the supply chain (Simchi-Levi et al., 2004, p. 32) . The accuracy of forecasting in push-based supply chains can improve with shorter lead times and thus limit disadvantages of push such as obsolete inventory and inability to meet changing demand. Shorter lead times can also make it possible to change to pull (order-based) systems. Disadvantages of pull-based supply chains include less ability to take advantage of economies of scale and difficulty with implementation unless lead times are very short. Hence, solutions that combine push with pull strategies are sought. Postponement exemplifies this. Typically, a portion of the supply chain prior to differentiation is operated with push. The other part of the supply chain then uses pull to adapt to uncertainty (Simchi-Levi et al., 2004, p. 45 ). This can be done both for manufacturing and distribution. For example, stocks can be located further upstream in the supply chain at one central location, rather than at numerous decentralized locations. This makes it possible to reduce total stocks because of aggregation (Chopra and Meindl, 2010, p. 334) . This can also allow more accurate forecasting based on aggregate demand so that safety stocks can be reduced (Chopra and Meindl, 2010, p. 307) .
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JHLSCM 2,1 4.5 Quantifying the impacts of the suggested redesigns A cost baseline for the supply chain for two of the six tracer drugs was established and compared against the (estimated) costs of the suggested redesigns. The two drugs were selected based on convenience sampling: largest amount, and most reliable data. One was expensive with many stock shortages (ACT). The other was less expensive with fewer stock shortages (co-trimoxazole). Lack of data on supply-chain costs in general, late deliveries, and emergency ordering costs due to stock shortages, required estimations and creativity. In response, the researchers created a simple Excel worksheet model, based on classical basic formulas that required as little information as possible. The approach is shown in Figure 3 .
This approach provides a baseline cost, assuming no stock shortages to estimate the cost of the current system with all demand fulfilled. The literature recommends using demand rather than sales (Chopra and Meindl, 2010, p. 222) . Annual warehousing, ordering, stock-holding and transportation costs, and average stock value throughout the supply chain for each of the two drugs could then be calculated. This was compared with the cost of the suggested solutions with basis in lead time and safety-stock reductions. As in all modeling, simplifications and assumptions must be made regards data input and links between factors. In this context, where stakeholders had little or no logistics training, it was even more important to choose a simple approach to data analysis and presentation. Figure 4 provides an overview of the model, while Appendix 3 presents inputs, formulas, and assumptions.
Findings
Main causes for stock shortages are discussed, while also pointing out positive aspects of the supply chain. This is followed by a presentation of suggested solutions and how they may impact performance.
Use the supply chain maps to develop a tool that models the current system, assuming no stock-outs for two of the six tracer drugs with basis in consumption data, lead time and cost estimates Calculate the total cost of the current system with basis in that all demand is covered
With basis in logistics and SCM theory, estimate how suggested solutions will impact on safety stock, lead times and cost by changing input data in the model Calculate the total cost of the new system and each of the solutions with basis in that all demand is covered
Analyze and discuss what suggested solutions require in terms of resources, i.e. costing the solutions Calculate the net savings/cost, i.e. quantify the impact of suggested solutions 
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The Karamoja drug-supply chain
While the study focussed on areas in the supply-chain needing improvement, the field assessment discovered many positive elements that can be used as a basis for enhancement:
A number of the HCs throughout the region have motivated staff to provide critical services under very challenging conditions.
. Logistics processes and guidelines established through the HMIS include minimum two-month safety-stock levels, forced ordering frequencies (USAID Deliver, 2011, p. 57) of four times per year using a standard set of tools.
. Stock shortages are a problem, but not for all drugs and not in all facilities.
. Receiving processes throughout the system appear to work quite well.
. Some DMS managers seem to have the required formal training, experience, and motivation needed to manage logistics requirements. These individuals could support and develop others within the district and national system. Table III presents common problems across districts and drugs. It shows lack of sophistication in the supply chain and big challenges in each of the processes in the response cycle, as Section 4 in the framework notes. Figure 5 depicts the general Karamoja drug-supply chain, including actors, their main activities, and the main lead times for information flow from orders placed by HCs until they are handled be NMS. It also shows the goods flow from picking and packing at NMS until they are received at the HCs. The total average lead time for a drug order to be fulfilled at the HCs was 61.2 days. The ordering process from the HC To calculate total annual cost of current system vs suggested solutions Calculated through basic logistics formulas (Appendix 3)
Input data given from field assessment, interviews and secondary data and changing with solutions suggested to NMS accounts for 20 percent of this time, internal lead time at NMS accounts for 61 percent, and transportation from NMS to the HC accounts for 19 percent [4] . The lead time is defined as the elapsed time from when the HC identified a need to when it received the according drugs and made them available to patients. This included both ordering and receiving, as shown in Figure 5 . The NMS and HCs have responsibility for flow of information and goods, whereas health subdistricts (HSD) and district health officials (DHO) are responsible only for the information flow through order validation and accumulation from centers within their district before they pass it on to NMS. Due to lack of electronic communication, orders are physically transported from the HCs to the DHO, via the HSD to NMS, where they are submitted into the electronic system and processed. DMS act only as pass-throughs for goods moving from NMS to HCs, but some hold stocks. This seems quite coincidental and not based on any form of analysis of supply and demand.
Together with other variations among and within the districts, this results in unclear division of responsibility between actors. Combined with lack of information 
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Complexity of drug supply chains exchange, the result is quite a complex system with little coordination between the flows of goods and information. To make up for this complexity and keep secure from stock shortages, the government has decided that all HCs should hold two months' supply of safety stocks of the most essential drugs. However, this does not work: there is not enough supply of important drugs, while others are overstocked. Table IV summarizes the main findings from the field assessment and analysis, with basis in the conceptual framework. The findings suggest there are major deficiencies in the management of the supply chain with long and erratic lead times, high supply uncertainty from NMS, and a bureaucratic ordering process involving many actors. The complexity in terms of distribution levels and points is quite high considering the lack of communication, controls, and transport, which poses particular problems for the flow of information, including ordering and feedback regarding stock shortages and deliveries. The process seems to be unnecessarily complicated, allowing inconsistencies in practice, even if the processes and responsibilities are theoretically clear.
With regard to the sharing of responsibility between HSDs, districts, and HCs concerning information and goods flows, the supply chain is characterized by inconsistent planning, forecasting, ordering, and inventory management. Appropriate tools are not used. This leads to a lack of coordination between information and goods flows, with the ordering process disintegrated from follow up of medical supply deliveries. This means information is lacking on what is delivered, as compared to what was ordered. As a result, there are significant bottlenecks in the system which, combined with the inability of NMS to fulfill their critical supply role, cause frequent stock shortages, unnecessary expiration of drugs, and seemingly high cost due to emergency ordering, extra transport, and time-consuming ordering processes.
Suggested solutions with impact on performance
Based on the analysis, recommendations for improvements were suggested and quantified, using the model presented in Section 4.5. The purpose was to clarify and demonstrate basic links between logistics processes and performance to the 
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Complexity of drug supply chains stakeholders, thus providing them with better decision support and means to ease implementation of the suggested solutions. Table V shows suggestions, including quick-win solutions that do not require major changes of the system itself but are necessary to rapidly reinforce the system and sustainable solutions that require more profound changes of the system. The impacts are quantified and discussed in Table V . The purpose of quick wins is to meet problems related to lack of adequate storage facilities in HCs (QW1), transport means (QW2), supply-chain staff competence (QW3), and appropriate ordering systems (QW4). Improvements in storage, transport, warehouse management, and ordering makes it possible to reduce lead times and uncertainties. This requires less safety stock and keeps down warehousing and stockholding costs. It can be debated whether improvement of facilities (QW1) will have an effect without appropriate training (QW3) and vice versa, as measures are highly linked. Our argument is that QW1 is a visible means of improvement to show that physical storage and control are important and can thus increase health personnel's attention to this part of their job. It becomes a step in capacity building and can motivate personnel to participate in supply-chain management training and adopt principles and routines.
Electronic ordering instead of physical transport of order forms will reduce the time it takes for an order to reach NMS, i.e. at HCs and between HCs and NMS. It will also considerably reduce the time it takes to handle orders at NMS, as well as reducing uncertainties due to mistakes in registration of hard-copy order forms. Hence, safety stock can be reduced without reducing service levels (i.e. not increasing stock shortages).
With a basis in limited capacity and resourcing at the HCs, the sustainable solutions suggest placing less supply-chain responsibility on the HCs. Instead, stronger district supply-chain hubs must be developed. By moving order points upstream to DMS, the system allows for more frequent ordering, thus reducing demand uncertainty. The sustainable solutions proposed are built on the logic that DMS order on behalf of the HCs. This order is based on demand forecasts and HCs' monthly stock reports to reduce uncertainty. These reports use systematic periodic review policies, triggering orders for commodities where stock is at the minimum level accepted (USAID Deliver, 2011, p. 57) . At this point, the DMS receive the medical supplies from NMS for distribution to HCs. The forecast should take into account historic consumption, plus additional data on seasonal demands and population changes for each HC.
Accordingly, more responsibility is given to the districts (along with required corresponding logistics competencies and capacity) for ensuring the last mile of the distribution. This affords the HC staff more time to treat patients and focus on reporting correct information about stock levels. This centralization of inventory control makes it easier to reduce overall inventory levels in the supply chain. Linked with this transfer of responsibility, it is suggested to move safety stock from HCs to the five DMS. This will reduce the total safety stock in the system (see Table VI ). Because of lack of funding, there is simply not enough money in the system to keep a two-month safety stock at each HC.
In a context of poor roads, this can be risky in terms of transport times and stock shortages. However, properly managed safety stocks in the DMS (which is not far from the HCs belonging to this district) is a better option than poorly managed or nonexistent safety stock at HCs. When an HC is out of stock it can place an emergency order at the district hub rather than at NMS, which considerably shortens the lead time. While health personnel at facilities can use more of their time for treating Move safety stock from HCs to DMS (sustainable solution #5) Because of fewer uncertainties in the system, lead times will be reduced. With reduced lead times, supply, and demand uncertainty will be lower. Safety stocks at HCs are replaced by safety stocks at DMS. This means reducing the number of distribution points for stocks and postponing movement of stocks until they are needed at HC. Hence, total number of units in safety stocks decreases (formula in Appendix 3). 71 50 8 Table V.   70   JHLSCM  2,1 patients, staff with supply-chain management training can take care of the logistics. Even if there was funding, it is currently very difficult to find appropriate personnel for the HCs (see Table II stating that 73 percent of the HCs have vacant positions). The costs of additional personnel and other investments necessary to implement the solutions can be covered by the estimated cost reductions as shown in Figures 6 and 7 .
Conclusions -implications and further research
The study identified causes of stock shortages in the Karamoja public drug-supply chain and used the framework to suggest solutions in terms of shortening lead times, increasing order frequencies, and reducing uncertainties. This can be done by simplifying the structure, use of postponement, implementing better information processing, and strengthening integration. $124,019 $124,013 $123,927 $123,554 $123,056 $116,923 $116,374 $116,374 $116,374 $115,196 $110,000 
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Complexity of drug supply chains forecasts, combined with stock reports from the HCs may be viewed as going from pull to push. However, the current pulling from HCs is not based on real demand or on appropriate overview of stock levels. This, combined with long ordering lead times, results in numerous stock shortages at HCs. Moving the safety stocks upstream may seem counterintuitive. However, combined with better inventory management both at the HC and DMS level, aggregation of demand and stocks will reduce uncertainties and the cost of total stock in the system. The results from the study are very much in line with what Kaufmann et al. (2011) claim is needed: better forecasting and inventory management through integration of the supply chain, reducing complexity by eliminating stocks, and providing better information exchange and stronger supply-chain competence. In contrast to Kaufmann et al. (2011) , this study developed an approach with framework and model that can demonstrate why changes improve the performance of the supply chain. Strategies for reduction of inventory as put forward in the literature (e.g. Baker, 2007) are analyzed in a new context and include means for improving visibility of end-consumer demand to all supply-chain participants, compression of total lead time and centralization of inventory.
Recent research on supply-chain complexity (Manuj and Sahin, 2011) suggests that complexity can lead to higher total costs, longer lead times, poor delivery performance, and higher uncertainty. This can be mitigated by use of information technology and training. Results from this study are partly in line with this. However, the reality of the Karamoja drug-supply chain shows that complexity does not have to be taken as a given and can be reduced through relatively simple means.
It may seem counterintuitive to meet big stock shortages with reductions in safety stock. However, by reducing uncertainties and lead times, the need for safety stocks is reduced, while at the same time avoiding understocking. This is line with lean principles suggesting that inventories hide problems and are wasted resources (Womack et al., 1990) . The two months' safety-stock levels lead to overstocking of some drugs and results in lack of other important drugs because funding is limited. Accordingly, the challenge was to identify causes of stock shortages related to the supply chain and calculate how changes can improve the availability of drugs at the HC level, given specific constraints in terms of physical and financial infrastructures. $299,664 $299,633 $299,195 $297,282 $294,727 $262,171 $259,356 $259,356 $259,356 $253,082 $220,000 The framework and model was developed with simplicity in mind, balanced against the need for rigor in quantifying the impact of the suggested solutions. This is necessary in action research that "strive[s] to contribute to both the practical concerns [y] and to the goals of science" (Näslund, 2008, p. 72) .
In line with suggestions by Tatham and Pettit (2010) , this study has shown how models developed for the commercial context can be applied to the humanitarian. The application of the basic model for logistics process redesign demonstrates its strengths in terms of simplicity and usefulness when information is scarce, data collection is challenging, and the main stakeholders are not competent in logistics and supply-chain management. Research should continue to focus on simple and applicable tools used in a context characterized by lack of financial resources, infrastructure, competence, and capacity.
The study provides substantial data and knowledge on an issue of great importance in most developing countries. It contributes empirical insight much needed in humanitarian logistics. Further research could link studies like this with another area of research, namely global health supply chains (e.g. Chick et al., 2008) . Even though this study focus on a particular part of a specific country in the African continent, similar problems exist in other countries and regions challenged by lack of financial resources, health system infrastructure, capacity, and competence. Causes of the problems and solutions in this study are similar to those noted in other studies (e.g. Kaufmann et al., 2011) , and should thus be applicable elsewhere.
Notes
1. Although a number of these sources refer to the MoH, they were undertaken by consultants and researchers on behalf of the MoH, not by the MoH itself. Naturally, however, care should be taken when it comes to objectivity, which is why data has been cross-referenced. Lack of data is one of the challenges in developing countries. By meeting a large number of stakeholders and working in Uganda on behalf of UNICEF for such a long time, this project had access to data that would otherwise have been inaccessible. Table AI. 78 JHLSCM 2,1 Table AII. 81
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Formulas:
Assumptions:
Quantification of performance impact from solutions: Each solution's impact was quantified in terms of percent reduction in lead times based on the conceptual framework and other literature, secondary sources and the field assessment. The suggested lead time reductions in percent can be debated, but lack of data required assumptions, taking the specific context into account. In Table AIV Set at 24 percent of stock value. High because of much leakage; that is, the more drugs in the supply chain, the more leakage Safety stock level starting value HMIS guidelines: minimum stock level of two months' consumption (real demand; that is, corrected for stock shortages) .
Current system is modeled without DMS which is an underestimation of real cost as they do help in ordering and transport as well as some of them keeping stocks. The same assumption is used in the modeling of all new solutions. Full implementation of all solutions is modeled with DMS only as a place for keeping safety stock on behalf of the health facilities adding an uncertainty factor of 25 percent to account for the special circumstances in the region. This has been calculated as follows:
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